DsTau (NA65) Experiment:
Study of Tau Neutrino Production at CERN/SPS
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V Tau neutrino is one of the least studied pé#cles

A only a fewmeasurements:
A Direct’ beam:DONUT (DIS) -

A Oscillated : OPERA (DIS), SuperK (QE), IceCube (DIS).

A crosssection error >50% (DISJue to systematic uncertainty’in production

V A new precise measurement of thg;crosssection
A testleptonuniversality

Ve

A newphysics effects iB;CC interactions

V Future 3;measurements
A SHiP(SPSGP-350): high statisticsmeasuremerdtthe SPS
A reduce statisticaluncertaintyfrom 33% in DONuT
A indirectly FASER
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V The intrinsic charm parameterization predicts an enhancement of forward charnproduction

A May change forward neutrin@te
A Could be a key input for high energy neutrino measurements by large scale Cherenkov observatoriesesdbeas

V Neutrino experiments need data on the forward charm production
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[ ] Double king topology

C DsTaugoals
: _ _ hwsource: v WO =decays
A Study ofthetauneutrino production byD, decays /

A reduce the systematic uncertainty pfflux production from50% to10 % 4OOGeVpro>to< O W

A first measurement of ,double differential production cross section AN O N

A fundamental input for futurg;experimen(like FASER, SHiP) (oee

A
v

é 5mm

- i 3 production studyDsTau(NA65
C By product: Study of open charm production Double charm hadron productioh oP y! ( )

A In tungsten/molybdenum target 4.5 x 16charm pairs produced

A In other materials (emulsion/plastic): ~ 2.7 ¥ tBarm pairs produced

A Detection of ~10charm pairs

C Principle of the experiment:
A det e ctdoablekink # chard decayp t op ol degvynmwi t I
A 1® p mprotonsC& p Tproton interactions in tungsténolybdenum

— rvO W Ldecays

ElenaFiru NuFACTR022 4



DsTau (NA65) @ CERN

C DsTauis anexperiment oSPS ResearcliProgrammew i t h t Sty dof taunelteno groduction

C It was gprovedas NAG5 experiment in June 2019
C Detectors: modulesf NuclearEmulsions interlaid witliungsten/molybdenum,

plasticin first part, andead/tungsten plates, plasticthe secongart

C Milestones:

Test beam 2016

wlest of detector structure

Test beam 2017

wimproved detector structure
wRefine exposure scheme

!

Physics run 2022022

wFull scale experiment with tungstemd
molybdenumtargets

wAiming at 100 © 10 Gevents

w10 % uncertainty oh flux

Pilot run 2018

w1/10 of thefull-scaleexperiment with tungsten target

w30 modules, 50
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| Emulsion films |
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Experimental setup (2016, 2017, 2018

Emulsion based detectatructure for D,Y UY X measurement I module
Decay module o _ X 12.5 em
Proton tagger 10 units, 0.1 Momentu_m apalyzer (original design) .
o (total 100 emulsion films) 26 emulsion films + 25 lead Proton beam (Z) =
Prot | | ; l ' 10° protons/cm? Y 10 em
400&% mUHHUUUUUWUUHH”U m m H IIJ IIJUU IIJ UlIJ MI"IIIIIIII"IIIIIIIIIIW R
—> W
Z8.6cm
Transverse dimension 25 cm x 20 cm, 8.6 cm thick %
1 unit (5.5 mm) Scintillation
Profile = Detector module N
Proton M- monitor 25cmx 20cmx 8.6 ¢ 10 conix 10:em
beam Ds LEEFTT1L 2cmx2cm
- N ﬁ
D* Proton beam

%\\\ Plasticsheet(200>m)

Emulsion film(140 >m)

Tungsten (0.5 mm) /
molybdenum (1 mm) plate
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_ 1 module
Experimental setup Module structure for momentunestimationwaschange for -
2021physics run

V Momentum measurement is relevant to reject low energy events

(MCS mimicking y° WO = events) Zi 7.3cm

Proton beam (Z) 10° protons/cr

- 10 units ECC for momentum measurement (uniformirradiation)
(total 100 emulsion films) (26 emulsion films interleaved withmm thick lead plates)

A

I V[ 1

A Initial structure had
more material A too high | Proto
track density 400Ge

A Dedicatedscanning| ~~
is required
A Reduce material, butstill
] . : 10 units downmost tungstenplates:
A Making data taking : : . . .
procedure simple Starting with 2021 (total 100 emulsion films) 3 tungsten plates and 25 emulsion plates
Proto E— —
400Ge e
% —
. :L — — : | 1
" , » . = ' - ,
- Initial : lead emulsionECC New additional tungstenunits E i W - 10 units +ECC
Structure 257 1 mmlead,26 emulsionplates 37 0.5 mmtungsten25emulsionplates =
. . E W -12.5 units New | .
Momentum 157 40 % (upstreanev.) 157 40% (upstreaneV.) E :
resolution 357 45% (downstreanev.) 3571 45 % (downstreanev.) s O s e i |
Mo - 12.5 units g
Weight 15.0kg 2.4 kg E :
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A Full area scanning by fast scanningystem to seledfY X A Precision measurement to dete¢th U  d dacfewynrad
A It selectsdecays withgpd> 100mrad A Dedicated higkprecision systems

Proton

beam Ds

—>

100xfaster than the scanning systen\¥;
of OPERA (throughput 36 GB/s)
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V alignmentalgorithm- very precise submicron : S 0
V track reconstruction positions and angular correspondences - :
V average efficiency is higher than 95%. . 0.925]
V protonbeam tracks were checkeddatail < p— . . .
V processingn subvoluedl.5 cm x 1.5 cm x 30 plates i = pooz o« p014  Track finding efficiency in
B e boro single film 94%-98%
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(two tungsten plates to reject low 0 100
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